Background: The independent role of mild autonomous cortisol secretion (ACS) in influencing the cardiovascular event (CVE) occurrence is a topic of interest. We investigated the role of mild ACS in the CVE occurrence in patients with adrenal incidentaloma (AI) by standard statistics and artificial neural networks (ANNs). Methods: We analyzed a retrospective record of 518 AI patients. Data regarding cortisol levels after 1 mg dexamethasone suppression (1 mg DST) and the presence of obesity (OB), hypertension (AH), type-2 diabetes (T2DM), dyslipidemia (DL), familial CVE history, smoking habit and CVE were collected. Results: The receiver-operating characteristic curve analysis suggested that 1 mg DST, at a cut-off of 1.8 µg/dL, had the best accuracy for detecting patients with increased CVE risk. In patients with 1 mg-DST ≥1.8 µg/dL (DST+, n = 223), age and prevalence of AH, T2DM, DL and CVE (66 years, 74.5, 25.9, 41.4 and 26.8% respectively) were higher than that of patients with 1 mg-DST ≤1.8 µg/dL (61.9 years, 60.7, 18.5, 32.9 and 10%, respectively, P < 0.05 for all). The CVE were associated with DST+ (OR: 2.46, 95% CI: 1.5-4.1, P = 0.01), regardless of T2DM, AH, DL, smoking habit, gender, observation period and age. The presence of at least two among AH, T2DM, DL and OB plus DST+ had 61.1% sensitivity in detecting patients with CVE. By using the variables selected by ANNs (familial CVE history, age, T2DM, AH, DL and DST+) 78.7% sensitivity was reached. Conclusions: Cortisol after 1 mg-DST is independently associated with the CVE occurrence. The ANNs might help for assessing the CVE risk in AI patients.
Introduction
The condition of mild autonomous cortisol secretion (ACS) is characterized by an increased cortisol secretion in the absence of the classical signs of overt cortisol excess (1, 2) , and it is found in up to 20% of patients bearing an incidentally discovered adrenal mass (adrenal incidentaloma, AI) (3, 4) . In adults, mild ACS has a reported (12, 13) , no widely accepted guidelines are available on how to define mild ACS and to address the treatment in AI patients with subtle hypercortisolism (1, 15, 16, 17, 18) . Therefore, in the previous studies, the mild ACS condition was diagnosed on the basis of arbitrarily established criteria (8, 9, 10) and, therefore, no data are available regarding the best test to be used for predicting the CVE occurrence in AI patients. The answer to this question could be given by assessing the association between the various parameters of cortisol secretion at different cut-offs with the CVE occurrence, regardless of an arbitrary previous diagnosis of mild ACS. However, this approach needs a large sample of AI patients to be studied.
Furthermore, in mild ACS the cardiovascular risk may be influenced by different comorbidities (i.e. DL, T2DM, AH) and environmental factors interacting in nonlinear biological mechanisms. The understanding of the mild ACS role as a CVE risk factor is difficult even because most CVE risk factors may be caused by the mild ACS itself, and, at the same time, the incidence of both mild ACS and CVE increases with age (19) . This kind of problem probably needs a specific mathematical approach, such as the artificial neural networks (ANNs), to be understood (20) . As ANNs are artificial adaptive systems, able to modify their internal structure in relation to a function objective, they are suited for solving nonlinear problems. The ability to learn in an adaptive way (i.e. extracting from the data the information needed to gather a specific task) makes the ANNs a powerful tool for data analysis (21) . In the past years, ANNs have been shown to improve the predictive value of standard statistics in many areas of medicine (21, 22, 23, 24, 25, 26, 27, 28, 29) . No studies have investigated the ability of ANNs in evaluating the factors influencing the CVE risk in patients with a low grade of cortisol excess. Therefore, the aim of the present study was to assess, in a large sample of AI patients, the best biochemical markers for detecting patients with increased CVE risk and to investigate the factors associated with the CVE events by using the ANNs and the standard statistical approach.
Patients and methods

Patients
In this observational multicenter study, we retrospectively analyzed the records of 1066 AI patients referred to the participating Endocrine Units between January 1996 and June 2016. Among these patients, 548 were not included due to the exclusion criteria. We excluded patients with bilateral adrenal masses, psychiatric diseases and alcoholism, or taking drugs influencing cortisol and dexamethasone metabolism or cortisol secretion, with signs or symptoms of overt cortisol excess (i.e. moon facies, striae rubrae, skin atrophy or buffalo hump), history of malignancy, infections, adrenal hemorrhage, pheochromocytoma, primary hyperaldosteronism and hyperparathyroidism, and infiltrative disease potentially affecting the adrenal glands. Eventually, 518 AI patients without signs of overt hypercortisolism were enrolled. Of all the patients enrolled in the present study, 95 subjects had been enrolled in a previous study reporting data of a long-term follow-up in AI (9) .
All AI were discovered by CT scan, ultrasonography or MRI, performed for unrelated diseases. Ultrasound findings were confirmed with CT scan. All adrenal masses were ≥1 cm of diameter, and displayed a CT pattern consistent with benign adenoma (i.e. homogeneous texture, <10 Hounsfield Units, regular margins, size <6 cm).
In all patients, we measured 24-h urinary free cortisol (UFC), ACTH levels at 08:00 h, and serum cortisol levels at 08:00 h after 1 mg overnight dexamethasone suppression test (1 mg-DST). The following parameters were recorded: age, gender, presence of obesity (OB), AH, T2DM, DL, familial CVE history and smoking habit. We recorded the CVEs occurrence (myocardial infarction, stroke, transient ischemic attack, angina pectoris, pulmonary embolism, intracerebral hemorrhage, peripheral artery disease) during the 10 years before the AI finding and during a variable follow-up period (mean: 161.8 ± 45.1, range: 120-426 months) after the AI finding. The observation period has been extended till 10 years before the AI finding since the diagnosis of overt hypercortisolism is done with 3-8 years of delay (30) , which should be probably longer in scarcely symptomatic patients. The study complies with the Declaration of Helsinki and it has been approved by the Ethical Committee of Fondazione IRCCS Cà GrandaOspedale Maggiore Policlinico, Milan, Italy. An informed consent has been obtained from each patient.
Methods
In all patients, ACTH and serum and urinary cortisol levels were measured in each center using commercially available reagents. The intra-and inter-assay coefficients of variation were <10% for all the assays. Increased UFC levels (h-UFC) were defined by levels above the upper limit of the normal values of each assay.
In the diabetic, dyslipidemic and hypertensive patients the CVEs, blood pressure and metabolic control were assessed by the reports of the cardiologists and diabetologists, who annually evaluated the patients. In the remaining patients, information was obtained by their general practitioner reports. Obesity was diagnosed in the presence of body mass index (BMI) above or equal to 30 kg/m 2 and T2DM by the WHO criteria (31) . The patients with diabetes were considered well controlled in the presence of glycated hemoglobin below 7% (32) . Arterial hypertension was defined in the presence of systolic blood pressure ≥140 mmHg and/or diastolic blood pressure ≥90 mmHg and/or antihypertensive treatment (32) . Blood pressure was considered well controlled in the presence of systolic and diastolic blood pressure below 130 mmHg and 85 mmHg respectively (33) . Dyslipidemia was diagnosed in the presence of triglycerides levels ≥150 mg/dL (1.7 mmol/L), or high-density lipoprotein cholesterol levels <40 mg/dL (1.0 mmoL/L) in men and <50 mg/dL (1.3 mmol/L) in women or if any specific treatment was given (34) . Dyslipidemia was considered well controlled in the presence of low density lipoprotein (LDL) below 130, 100 and 70 mg/dL in patients without T2DM, with T2DM and with T2DM plus cardiovascular complications respectively. In each patient a comorbidities score was calculated by adding up the comorbidities (T2DM, AH, DL and OB) altogether. Current smokers were individuals who smoked any tobacco (including beedies, pipes and other forms) during the observation period (35) . The participating Endocrine Units were asked to provide each patient's data regarding the presence or absence of glycemia, LDL and blood pressure at target.
Statistical analysis
Standard statistical analyses
Statistical analyses were performed using SPSS version 21.0 package (SPSS). Descriptive statistics were reported as mean ± standard deviation (s.d.), unless differently specified, or frequency and percentages. Categorical variables were compared by χ 2 test. Continuous variables were compared among groups using one-way ANOVA. Multiple comparisons were addressed using the Bonferroni approach. The bivariate associations were assessed using the Spearman or Pearson Correlation as appropriate. The receiver-operating characteristic (ROC) curve analysis was used to assess the optimal cut-off of the cortisol levels after 1 mg-DST or of the comorbidity score providing the best diagnostic accuracy (optimizing jointly sensitivity, SN and specificity, SP) for detecting patients with increased CVE risk.
Multivariable logistic regression analyses were performed to test the independent association between the CVE occurrence and the cortisol levels after 1 mg-DST above or equal to the cut-off obtained by ROC curve, adjusting for age, gender, familial CVE history, duration of observation, smoking habit and the presence of T2DM, AH and DL separately taken or as a comorbidity score equal to or above the cut-off obtained by the ROC curve. Risk was reported as odds ratios (ORs) along with their 95% confidence intervals (95% CIs).
Potential nonlinear association between 1 mg DST and CVE events was tested using the Box-Tidwell approach (36) (by creating an interaction term between the continuous variable and its own natural log and adding the interaction term to the model). In addition, we compared linear and quadratic models in terms of Akaike's information criterion. P values of <0.05 were considered as statistically significant.
Unsupervised ANNs: the Auto-Contractive Map
Complex mathematical networks can help us in establishing the hierarchy of variables within a specific set. We adopted the Auto-Contractive Map system (Auto-CM), that is a fourth generation unsupervised ANN able to highlight the links among variables with a graph based on the minimum spanning tree (MST) theory, where distances among variables reflect the weights of the ANN (20) . The Auto-CM system finds, by a specific learning algorithm, a square matrix of 'similarities' (weights mathematically speaking) among the variables of the dataset (21) . Once the Auto-CM weights matrix is obtained, it is then filtered by MST, which shows, among the huge number of possible ways to connect the variables in a tree, the shortest possible combination. In the MST, every link able to generate a cycle into the graph is eliminated, irrespective of its strength of association, and this results in a simplified graph. The assumption is that, since all biological systems tend naturally to the minimal energetic states, this graph expresses the fundamental biological information of the system. The ultimate goal of this data mining model is to discover hidden trends and associations among variables, since this algorithm is able to create a semantic connectivity map in which nonlinear associations are preserved and explicit connection schemes are described. This approach gives the map of the relevant connections between and among variables and the principal hubs of the system. The learning algorithm of Auto-CM may be summarized in four orderly steps: (a) signal transfer from the input into the hidden layer; (b) adaptation of the connections value between the input layer and the hidden layer; (c) signal transfer from the hidden layer into the output layer; (d) adaptation of the connections value between the hidden layer and the output layer. The Auto-CM does not have initial weights posed at random and they start always by the same value. Therefore, the resulting graph is reproducible along many possible runs (20, 21) . In simple words Auto-CM 'spatialises' the correlation among different variables ('closeness'), and converts it into a compelling graph that identifies only the relevant associations and organizes them into a coherent picture, building a complex global picture of the whole pattern of variation.
We choose arbitrarily to consider as relevant hubs those variables that showed at least five connections with other variables in the network. Moreover, we defined a 'central node' the inner node that is the last remaining after bottom-up recursively pruning away the 'leaves' nodes (i.e. the isolated ends of the graph) (20, 21, 22) .
Supervised ANNs
To evaluate the possibility to predict outcome (CVE yes vs CVE not) starting from risk factors on study we used supervised artificial neural networks developed in Semeion Research Center using the training and testing validation protocol.
Training and testing validation protocol implies the following steps:
• Subdivision of the data set into two sub-samples: subset A and subset B. In the first run, subset A is used as the Training Set and the subset B as the Testing Set.
• Application of ANN on the Training Set. In this phase, the ANN learns to associate the input variables with those indicated as targets.
• At the end of the training phase, the weights matrix produced by the algorithm is saved and frozen together with all of the other parameters used for the training.
• The Testing Set, is then shown to a virgin twin (same architecture and base parameters) ANN with the same weights matrix of the trained ANN, acting as final classifier, so that for each case of the testing set, new for the ANN, the classifier expresses a classification in one of the two targets based on the learning previously carried out during training. This operation takes place for all records in testing each and result (right or wrong classification) is not communicated to the classifier.
This allows to assess the generalization ability of trained ANN.
• In a second run another virgin ANN is applied to subset B, which is used as training subset and then to subset A which is used as a testing subset.
• Therefore, the results are relevant to two sequences of training-testing protocol: A-B and B-A. Results are expressed in terms of sensitivity (correct classification of CVE presence), specificity (correct classification of CVE absence), global accuracy (arithmetic mean between sensitivity and specificity). Overall results are expressed as average of the two experiments.
This crossover procedure allows to classify blindly all the records with the trained algorithm ensuring the generalization capability of the model on records never seen before.
The split of original data set in two subsets has not been obtained with a simple random split but with an evolutionary algorithms called TWIST (Training With Input Selection and Testing), recently described (23) and developed in a special non-commercial research software at the Semeion Research Center in Rome, Italy.
TWIST algorithm
TWIST algorithm is a complex evolutionary algorithm able to look for the best distribution of the global dataset divided in two optimally balanced subsets containing a minimum number of input features useful for optimal pattern recognition. TWIST is an evolutionary algorithm based on a seminal paper about Genetic Doping Systems, already applied to medical data with very promising results (23, 24) . Usually TWIST evolutionary system is constituted by a population of Multilayer Perceptrons. Each ANN has to learn a subset of the global dataset and has to be tested in a blind way with another subset. TWIST selected some of the original attributes and generated two optimal subsets for training and testing with a reduced number of variables. We then applied the training-testing protocol to the reduced dataset to verify the predictive capacity of supervised back propagation neural network on the attributes selected by TWIST.
Results
Classical statistical analysis
We found the occurrence of myocardial infarction, stroke, transient ischemic attack, angina pectoris, pulmonary embolism, intracerebral hemorrhage and Table 1 reports the clinical and biochemical characteristics of patients with and without CVE (CVE+ and CVE− respectively). The adenoma size, duration of observation period, number of interval visits and prevalence of postmenopausal females and of subjects with positive familial CVE history were comparable between the two groups. As expected, CVE+ patients were elder and more frequently males, smokers, hypertensive, diabetic and dyslipidemic than CVE− patients. However, BMI, the prevalence of OB and of uncontrolled glycemia, blood pressure and LDL levels were comparable between the two groups. The cortisol levels after 1 mg-DST were higher in CVE+ than those in CVE− patients, whereas the ACTH levels and the prevalence of h-UFC levels were comparable between the two groups. The logistic regression analysis showed that the CVE occurrence was associated with the cortisol levels after 1 mg-DST taken as a continuous variable, regardless of age, gender, duration of observation, familial CVE history, smoking habit, T2DM, AH and DL (Table 2) . Subdividing the whole sample of patients on the basis of 1 mg-DST above 1.8 µg/dL (the widely used cut-off for excluding hypercortisolism, n = 316), between 1.8 and 5 µg/dL (the cut-offs considered by most authors as suggestive for possible hypercortisolism, n = 115) and above 5 µg/dL (the cut-off for diagnosing hypercortisolism, n = 87), we found that the CVE prevalence progressively increased from the first to the third group of patients (10.8, 21.7, 35.6% respectively, P for trend <0.0001). Furthermore, subdividing the whole sample on the basis of quartiles of 1 mg DST (I quartile: <1.15 µg/dL, n = 129; II quartile: 1.16-1.5 µg/dL, n = 128; III quartile: 1.6-2.4 μg/dL, n = 133; IV quartile: >2.4 μg/dL, n= 128), we found that the CVE prevalence was similar between the I and II quartiles (9.3% and 9.4% respectively) and between the III and IV quartiles (21.8% and 28.9% respectively) whereas it was significantly higher in the III and IV quartiles as compared with the I and II quartiles, P = 0.01 for both comparisons (Fig. 1) .
We also subdivided only the sample of patients with 1 mg-DST above 1.8 µg/dL in tertiles on the basis of the cortisol levels after 1 mg DST (I tertile: 1.81-2.2 µg/dL, n = 72; II tertile: 2.21-3.1 µg/dL, n = 73; III tertile: >3.1 μg/ dL, n = 75). The CVE prevalence tended to be higher in the III tertile (34.7%) as compared with I (23.6%, P = 0.09) and II (21.9%, P = 0.08) ones, although the statistical difference was not reached.
Finally, the Box-Tidwell test refused the hypothesis of a nonlinear association between CVS events and 1 mg DST (P= 0.73). Akaike's information criterion values for linear and quadratic models were 402.01 and 403.76 respectively, thus confirming the linear hypothesis. among diabetic patients. 1 mg-DST, serum cortisol levels after 1 mg dexamethasone suppression test; ACTH, adrenocorticotroph hormone; BMI, body mass index; CVE, cardiovascular event; h-UFC, urinary free cortisol levels above normal reference range; LDL, low density lipoprotein; SI conversion factors, cortisol × 27.59, ACTH × 0.22; smokers, individuals who smoked any tobacco (including beedies, pipes and other forms) during the observational period.
The ROC curve analysis tested the optimal cut-off of the cortisol levels after 1 mg-DST for detecting patients with increased CVE risk and showed that the cut-off of cortisol levels after 1 mg-DST set at 1.8 μg/dL had the best compromise between SN (63%) and SP (66%) in predicting CVE (accuracy 62.9%, area under the curve, AUC, 0.673, P < 0.0001, Fig. 2 ). On the basis of this result, we, therefore, compared the clinical and biochemical characteristics of patients with cortisol levels after 1 mg-DST ≥1.8 and <1.8 μg/dL (DST+, n = 220 and DST−, n = 298 respectively, Table 3 ). The two groups were comparable for gender distribution, BMI, familial CVE history and prevalence of OB, smokers, postmenopausal women and of not well controlled blood pressure, glycemia and LDL. As expected, DST+ patients showed higher prevalence of h-UFC and lower ACTH levels than DST− patients. Age, adenoma size and AH, T2DM, DL and CVE prevalence were higher in DST+ than in DST− patients. The CVE occurred within 2 years before or after the AI finding in 55.9% of DST+ patients and in 25.8% of DST− patients (P = 0.006). Prevalence of cardiovascular events (CVE) among the whole sample of patients subdivided in quartiles on the basis of cortisol levels at 08:00 h after 1 mg-dexamethasone suppression test (1 mg-DST). In patients with cortisol after 1 mg-DST above 1.5 µg/dL, the CVE prevalence progressively increased with increasing cortisol levels. The CVE prevalence was similar between I and II quartiles (9.3% and 9.4% respectively) and between the II and IV quartiles (21.8% and 28.9% respectively) whereas it was significantly higher in the III and IV quartiles as compared with I and II quartiles, P = 0.01 for both comparisons.
Figure 2
The receiver-operating characteristic (ROC) curve analysis showing the association between serum cortisol levels at 08:00 h after 1 mg-dexamethasone suppression test (1 mg-DST) and the occurrence of cardiovascular events. The ROC curve
showed that the cut-off of cortisol levels after 1 mg-DST set at 1.8 μg/dL had the best compromise between sensitivity (SN, 63%) and specificity (SP, 66%) in predicting CVE (area under the curve, AUC, 0.673, P < 0.0001).
In the whole sample, the comorbidities score was associated with the cortisol levels after 1 mg-DST (r = 0.105, P = 0.017). Moreover, the CVE occurrence was directly associated with the increase of the comorbidity score (0 = 2.8%, 1 = 13.6, 2 = 21.2%, 3 = 28.9%, 4 = 44.4%, P for trend <0.0001). The ROC curve analysis showed that a comorbidity score of 2 had the best compromise between SN (72.2%) and SP (57.5%) for detecting patients with increased CVE risk (AUC: 0.70, P < 0.0001) and that a comorbidity score ≥2 had 60% accuracy for detecting patients with increased CVE risk. Adding the DST+ presence to the comorbidity score increased the accuracy to 71.2% (SN: 61.1, SP: 73.4%). The logistic regression analysis showed that the CVE occurrence was 2.5 folds increased in DST+ patients, regardless of age, gender, duration of observation, familial CVE history, smoking habit, T2DM, AH and DL (Table 4 , Panel A). This association was confirmed also when the comorbidity score ≥2 was included into the regression analysis in the place of T2DM, AH and DL (Table 4 , Panel B).
Artificial neural networks analysis (ANNs)
The connectivity map developed by Auto-CM system showed that the CVE occurrence was directly associated to the presence of cortisol levels after 1-DST ≥1.8 μg/dL, AH and male gender (Fig. 3) .
The following variables were put into the TWIST system: familial CVE history, age, gender, BMI, cortisol levels after 1 mg DST, smoking packs/year, presence of postmenopausal status, smoking habit, obesity, hypertension, diabetes, well controlled blood pressure, glycemia and LDL, low ACTH levels (i.e. <10 pg/dL), h-UFC levels, 1 mg-DST ≥1.8 μg/dL and CVE occurrence. Among these variables, the TWIST system selected the CVE occurrence, familial CVE history, age, T2DM, AH, DL, low ACTH, h-UFC levels, 1 mg-DST ≥1.8 μg/dL and cortisol levels after 1 mg DST. By using this cluster of variables supervised neural networks employing back propagation algorithm were able to detect patients with increased CVE risk with 78.5% accuracy (SN: 78.7%, SP: 78.3%). These performances are the average of two different training-testing experiments which allow all records to be classified in blind way.
By excluding 1 mg-DST ≥1.8 μg/dL the diagnostic accuracy decreased to 72.5% (SN: 70.9%, SP: 74.1%).
Discussion
The present study was designed to investigate if in patients with unilateral AI, the presence of an increased, though asymptomatic, cortisol secretion was independently associated with the CVE occurrence and if ANNs could be useful for detecting patients with increased CVE risk. among diabetic patients. 1 mg-DST, serum cortisol levels after 1 mg dexamethasone suppression test; ACTH, adrenocorticotroph hormone; BMI, body mass index; CVE, cardiovascular event; DST+, patients with 1 mg-DST ≥1.8 µg/dL; DST−, patients with 1 mg-DST <1.8 µg/dL; h-UFC, urinary free cortisol levels above normal reference range; LDL, low density lipoprotein; SI conversion factors, cortisol × 27.59, ACTH × 0.22; smokers, individuals who smoked any tobacco (including beedies, pipes and other forms) during the observational period.
We found that the CVE prevalence is 1.3-fold increased for each 1 mg increase of cortisol after 1 mg-DST, regardless for the known cardiovascular risk factors. Moreover, the cut-off of cortisol levels after 1 mg-DST set at 1.8 µg/ dL, as established by ROC curve, had the best accuracy for detecting patients with increased CVE risk and that it confers a 2.5-folds increased risk of CVE. The ANNs confirmed the independent association between DST+ and the CVE risk and, as compared with the standard statistics, they show, at the same SP (73.4 and 78.7% respectively), higher SN (78.7% and 61.1% respectively) for detecting patients with increased CVE risk.
The present findings are in keeping with those of a previous smaller study by Di Dalmazi and co-authors (9) and with those of a previous Italian multicenter study (10) showing that AI patients with mild ACS (possible or ascertained) had an increased CVE occurrence. Although in those studies the association between mild ACS and the CVE was present regardless for hypertension (9) and age (9, 10) , the additive role of mild ACS on the CVE occurrence was not completely clarified. Indeed, the difficulties in determining the influence of mild ACS on the cardiovascular risk have been also due to the lack of a widely accepted definition of mild ACS itself (17, 37) . In particular, in the previous studies the mild ACS condition was diagnosed on the basis of arbitrarily established cut-offs of the cortisol levels after 1 mg-DST (8, 10) or combination of parameters of hypothalamic-pituitaryadrenal axis activity (8) . At variance, in the present study, thanks to its large sample of patients, the patients were not arbitrarily classified as affected or not with mild ACS, whereas we let the ROC curve independently identify the cut-off of cortisol levels after 1 mg-DST with the best accuracy for detecting patients with increased CVE risk. By using this different, and, in our opinion, less biased approach, we were able to confirm that the cut-off of cortisol levels after 1 mg-DST above or equal to 1.8 µg/ dL was the most accurate one for detecting patients with increased CVE risk. Therefore, it could be hypothesized that this cut-off of cortisol levels after 1 mg-DST could be considered for diagnosing mild ACS. However, the present data also show that in AI patients with cortisol levels after 1 mg-DST above 1.5 μg/dL the CVE prevalence progressively increases with increasing cortisol levels after 1 mg-DST, but also that it might be particularly high in patients with cortisol levels after 1 mg DST above 3.1 µg/dL.
Apart from the mild ACS definition, the main problem with the use of the biochemical tests in AI subjects is that raising the cut-offs of the cortisol secretion markers increases SP, but at the expense of a not acceptable SN decrease and vice versa. Interestingly, a recent metaanalysis suggests a beneficial effect of adrenalectomy on cardiovascular risk factors in patients with mild ACS as compared with the conservative management, even if with a low-moderate quality of evidence (38) . However, to date, we cannot use a combination of clinical and biochemical markers for predicting the cardiovascular outcome in these patients; therefore, an algorithm for assessing the cardiovascular risk in the individual AI patient is lacking (16) . These difficulties are mainly due to the fact that some comorbidities (i.e. T2DM, AH, DL and OB), which may depend even on mild ACS itself, may worsen the mild ACS-related cardiovascular risk and interact with mild ACS in nonlinear biologic mechanisms.
From this point of view, the evaluation of the possible use of the ANNs to investigate the relationships between mild ACS and the common cardiovascular risk factors is a novel approach. The ANNs are artificial adaptive systems, able to modify their internal structure in relation to a function objective, and, therefore, they are particularly suited for solving nonlinear problems (20) . The ANNs analysis suggests that combining several variables, including the cardiovascular risk factors, age and cortisol levels after 1 mg-DST, it might be possible to increase the sensitivity (up to about 79%) for detecting patients with increased CVE risk. However, the actual advantage of the ANNs should be demonstrated by comparing their accuracy with that of the available cardiovascular risk calculators, which could not have been applied in the present study. To date, the ANNs approach is hardly applicable in the clinical practice due to its not entirely satisfactory diagnostic overall accuracy. However, the ANNs could open the field for the development of algorithms for assessing the CVE risk in the individual AI patient, by prospectively studying much larger sample of patients. Indeed, a reliable assessment of the CVE risk in the individual AI patient could consent to personalize the treatment of the comorbidities and, thus, to reduce the CVE risk itself. Nevertheless, the present results still have an important clinical implication. Indeed, they suggest that in AI patients, in the presence of comorbidities potentially related to hypercortisolism, the finding of cortisol levels after 1 mg-DST above 1.8 μg/dL could indicate the need of a strict monitoring of the cardiovascular risk. However, given the suboptimal accuracy of both the classical statistics and ANNs approach for detecting patients with increased CVE risk, it remains difficult to estimate the individual CVE risk in the single AI patient.
This study has some limitations. Firstly, we acknowledge that our study is cross-sectional and it does not report data regarding the CVE incidence during a standardized follow-up. In addition, being the mild ACS condition asymptomatic, we cannot have information about the temporal distance between the onset of hypercortisolism and the CVE occurrence. However, at variance with DST− patients, in DST+ patients the CVE occurred mainly within 2 years before or after the AI finding. This finding suggests a temporal relationship between the CVE occurrence and the condition of subtle hypercortisolism and confirms the results of a previous smaller study showing that mild ACS is associated with the risk of incident CVE (9) . In contrast, given that more than 50% of CVE occur within 2 years from the SH diagnosis it remains unclear if the CVE may be prevented by curing mild ACS.
Furthermore, we have no information regarding the behavior of the cortisol secretion and the comorbidities of the subjects during the observation period, and, therefore, we could not assess the influence of the possible increase of the cortisol secretion and/or of the possible changes in the comorbidities control. However, since the comorbidities control assessed at the study entry was not different between patients with and without CVE and with and without DST+, this variable should not have been of particularly influence in the study. Similarly, even if the older age of DST+ patients as compared with DST− ones could have played a role in increasing the CVE risk in the former group, the logistic regression analysis showed that the CVE risk remained associated with 1 mg-DST even after adjusting for age. Finally, given the cross-sectional design of the study, definitive information regarding the possible causative role of a subtle increased cortisol secretion on the occurrence of CVE could not be derived. However, in consideration of the known deleterious effect of the overt hypercortisolism on the CVE risk, a similar role of mild ACS could be affirmed.
In conclusion, the present study shows that: (i) a subtle cortisol excess is associated with the CVE occurrence regardless of age, gender, familial CVE history, AH, T2D, DL and smoke, therefore representing an additional CVE risk factor; (ii) the CVE prevalence is 1.3-fold increased for each 1 mg increase of cortisol after 1 mg-DST, regardless for the known cardiovascular risk factors; (iii) the cut-off of cortisol levels after 1 mg-DST above or equal to 1.8 μg/ dL has the best accuracy in detecting AI patients with CVE; (iv) the application of the ANNs in evaluating the interaction between the cortisol secretion and the other CVE risk factor might increase the sensitivity for detecting patients with increased CVE risk.
